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A MYSTERIOUS 

ORE 

DR. & PUTT 



The author came to know of the existence of an 
electric stone" in the hills round about Bhihvara in 
Rajasthan. The author was told that this stone has 
the extraordinary property of conducting electricity 
and due to the presence of this stone in the 
Bhihvara area it was claimed that neither Bhilwara nor 
the neighouring villages have ever been struck by light- 
ening (thunder) even in the midst of rainy season. 
The author, as a chemist, knew that most of the 
naturally occurring stones are perfect insulators, for 
example marble, alabcstor, slate, granite, silimanitc 
etc. To taste the extraordinary property of this natural 
occurring stone the author procured about 25 kilograms 
of stone from the Bhihvara area and he examined the 
physical, chemical and electrical properties of the stone. 

Physical and Chemical Nature of the Stone, 

The stone is a grey-coloured crystalline substance 

with a steel grey metallic lustre found in the ignious 

rocks (buff coloured granite) of the Aravalli range of 

mountains. Its specific gravity is quite high and varies 

between 6,8 and 7*2- Its melting point is about 

nooo c C» and the molten substance on cooling solidifies 

to the original crystalline material, the size of its crystals 

depending an the rate of cooling. The crystals belong 

to the cubical system the rock is polycrystallinc, and 

the dimensions of the crystals of the original rock vary 

between 0.12 to 0.24 mm* on sides. The bed-rock of 

the stone is a buff-coloured granite, which Is usually 

the principle rock of the Aravalli range of mountains. 

Normally the colour of the stone is steel-grey but in 

some specimens, particularly those containing larger 

crystals, the colour is smokey-grey, slate-greyer almost 

black. The hardness of the stone is about 4.5 on 

Mohr's scale, making it almost at par with such hard 

substances as quartz, garnet, agate, chalcedony and 

topaz. Photographic reproductions of the stone are 
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showi in Plates I, U- In Plate III, the stone 
is shown with portions of the bed-rock (buffectoured 
granite), attached. Such ingress of granite matrix 
within the crystalline stone is a fairly common 
phenomenon, and is what can be expected in view of 
the crystalline stone having grown out of a molten 
igiMous rock like granite by the normal process of crys- 
tallisation. In an uncut and unpolished stone however, 
these two different materials arc difficult to distinguish, 
as they have practically the same colour in the freshly 

fractured surface. 

Chemically, the scone is an argenti-zinci ferrous- 
galena, containing lead sulphide as the principle ingre- 
dient. It is very resistant to chemical reagents, but can 
be dissolved in fuming nitric acid (sp, gr. 1.51), leaving 
behind a small insoluble residue. In molten potassium 
hydroxide, however, it dissolves completely without 
leaviig any residue. Cold concentrated nitric acid 
(sp. gr. 142, at 10' C) dissolves the substance only 
parti illy without affecting the lead sulphide, but remov- 
ing atlcast the zinc and the silver completely. The 
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following table gives the complcie analysis of three 
representative samples of the stone .— 

Table I 
-'•' * -'Chemical Aaoaiysisbf the Stone.' • 

:. ^iiitiunS;:;;,:.,. %^.i ,ir.eWl Sf^JS l ' 

^•■Lead 1:,: '•' ' 

^ * 

Sulphur :: - l •■ * 

" Silver ' " : - u '*- ■ ; 



i 



-79.1 
14-3 
L '2.3 

c:i6 

0.23 

ratf.M 

:.*.«o.2S 

r.it 

nil 

' 1.8 



.: Ill 



79-3' •■■ -79- 2 
i4.fi. --.it •-..■ 14.5 

.1^. ;u. .2.3 ...-• -2-7 

'.A- i.fi -:.n rCl'.S 

: o.l'8 ;r.; 0.16 

0.25 " °- 2 S 

; -.-d.26' '""'. 0.31 

1 :. .!.:D.37 " :/.'o.«- 

-■ ;. nit . - nil 

_• .-.nil -• .. nil 
•.. i,3 .: .x-8 
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-•-Copper ■;-^r"'-:---- 

. . _ ■ * • .. . 

Iron 

" Aluminium ''•* " ?* 
■Antimony - snr.-.r* 

'— Calcium -*'•' 
Magnesium ;: ' 
* Acid insoluble 

The stonc.on treatment with hot fuming aim.- acid 
: "'"(ip\ grVl^i) is almost completely dissolved, leaving a 
'*" smalf quantity of a crystalline residue (1.8%). In the 
1 oxy-acetylenc flame the tcsidue could tc melted to a 
." white-hot globole in a small graphite crucible, and it 
congealed on cooling to a small hard ball with a steel- 
grey .colour and a bright metallic lustre. Sufficient 
''!... quantity of this insoluble substance was obtained for. 
, . analysis which is given below :— 
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ice-cold distilled water and drying at IIO'C, the residue 
had the following composition :— J./ .... . , 



■ ■>*■ ?*»■ 



■-F- -* • ••• 
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* T * - 

Composition ofCold-Ni'iric acid-insoluble Residue. 

83-27 
13-3* 

-0-12% 
*0.24% 



*- * - 



>.,_ -'-DCit 



1 -»j 



*3-'9% 



0.14 
027 



«*/ 



0,13% 
0-08% 

0.45% 

0*02% 

0-01% 



Table II. 

Analysis of the Acid-insoluble Residue 

Iron 

Aluminium 

Manganese 

Calcium - 

Magnesium * 

Titanium 

Carbon ♦. 

Phosphorus 

Silicon 

Sulphur 

This acid-insoluble substance which appears 10 be 
chemically inert to most reagc .its, however, reacts quickly 
with concentrated caustic soda and potash, and in the 
molten alkalies dissolves completely without leaving 
A rt *hy 'residue. ' After melting and congealing, the tcsidue 
"» *had the same crystalline structure as the original stone, 
*'<*— bui its'wmi-conducting electrical properties appeared 
v - to be somewhat less than those of the original stone. 
Further examination of this material is in progress. 
The powdered stone on treatment with cold concen- 
trated nitric acid (Sp. gr. M*. « I0°C) gets partially 
dissolved, and after filtration and thorough washing with 



Lead 

Sulphur 

Copper 

Antimony 

Iron ■ ** 

Aluminium 

Zinc 

Silver 

Calcium 

Magnesium 

Acid insoluble 



0/ 
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.. *— *-V — 



" *■ ■/ " 



* 0.28% 
0.64% 
nil 
nil 
nil 
nil 
2ao% 



This subsiance was melted in the oxy-acctylene 
flame in a graphite crucible and the white-hot molten 
mass on cooling, congealed to a grey-<oloured crystalline 
mass with metallic lustre, exactly similar to the original 
stone ; n appearance and general chemical and physical 
properties. Its electrical properties were found to be 
practically identical with those of ihe original stone. 
Thus silver and 7.inc having been eliminated as possible 
causative factors for the semi-conductive properties of 
the stone, the only other major impurity that remains 
to be considered in this connection is the insoluble 
matter, that remains behind after the stone is di'-ioivcd 
.in hot fuming nitric tci<£ .This insoluble matter has 
alrcadv been mentioned before and its analysis given. 
It appears to have very interesting semi-conducting 
properties which are practically the same or only slightly 
less than those of the original stone. Further investiga- 
tion of this material is in progress. 
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Etectricftl Properties of the Stone 

The most remarkable property of the stone is us 
clerical conductivity, which appears lo be similar to 
that of metallic lead, When tested with an ohmmeter 
and a 1,5 volt dry battery, the conductivity appears to 
be of the order : r « 25-45 ohnw/'em- for large lumps, at 
the ordinary temperature (22 C). Another peculiarity 
is that the conductivity increases with the rise of tem- 
perature, and at 100C* the value becomes: r 10*7-17 
ohms-cm. This is just the reverse of rhc normal con- 
ductivity of met is, which falls off in value with the pro- 
gressive rise in temperature. This indicates the semi- 
conducting nature of the stone, which is confirmed by 
the following experiments ; A thin slice of the stone was 
prepared (thickness 2 mm,} by first rough grinding a 
small block of the stone on an electricallv driven car- 
borundum disc grinder, then on a flat carborundum 
slab by hand and finally on a jeweller* lapping machine. 
With a forward tias at 6 volts between two sharp pointed 
silver electrodes placed at a distance of 1 cm. from 
each other, the resistance was 340*500 ohms. With a 
reverse bias at the same voltage, the resistance was 
15-65 kilo ohms. With the points placed at a distance 
of 2mm. from each other, the forward resistance was 
85-160 ohms, and the reverse resistance 85-350 kilo 
ohms. When reduced to a thickness of 0.18 mm. 
(thickness of an average crystal of the stone) by a special 
process the values became: f>Av»rJ r:.;i«*.:ic: 50-120 
ohms* men., rovjfi*: re;is: nc-105-500 kilo ohms* J mm. 
Thus the semi-conducting nature of the stone was 
established, and the quality of semi-conduction w s 
such as could possibly lead to the preparation of diodes 
and transistors. That the stone is a good rectifier for 
the detection of broadcast radio waves has alrrady been 
mentioned. But how far this rectifying (demodulating) 
property reached amongst the various frequency bands 
of modern radio transmissions, and so many other 
electronic properties of the stone, could only be tested 
by the preparation of diodes and transistors from the 
stone, and carefully testing such devices on well-design* 
cd receiver circuits. The present author, therefore, 
turned his attention to the prepration of such devices. 

From the mathematical point of view, the forward 
conductivity provided by conduction electrons will te 
determined by the nutrbcr of electron and the case of 
their movement in an applied "lectric field- The latter 
is described by their 'mobility', which is rhc drift velocity 
of the carriers in cm. /sec, in a field of 1 volt'cm. Thus 
the equation becomes Si ■ ^ ^.n qn 
where 5*i is the conductivity due to the electrons in 
(ohms. cm. )"' /< j is cm ; VoIt. sec., and q is 
1.60 x io~ ! * coulombs. 

The reverse conductivity, that is conductivity due 
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Plate III 

to 'holes' 1 is given by the equation: Sp — up *jp 
and the total conductivity by : 5 * / > = ?(Hflf + M />) 
where p is the resistivity. Often either n or p pre- 
dominates, and one of the terms on the right hand side 
of the equation may te neglected. In some materials a 
large difference between **n and pp produces this result 
also. 

The temperature dependence of the conductivity of 
semiconductors is one of the most striking and charac- 
teristic of their properties. The principle changes in 
the conductivity of a given sample, with temperature, 
result from changes in the carrier concentration, although 
the mobility also varies with the temperature. At 
low temperature the conductivity is low, because most 
of the carrier* are frozen out on the donor centres. 
As the temperature rises* the degree of ionisarion of the 
donors increases, and the rising carrier concentradon 
results in a rapidly increasing conductivity. The 
increasing thermal agitation of the crystal lattice leads 
to a shorter distance for the carriers to travel between 
collisions within the lattice, and the carriers travel 
faster at higher temperatures, thus shortening the time 
between collisions* 

Another important electrical phenomenon to which 
the stone from Rajasthan readily responds, is the Hall's 
Effect', .which is carried out as follows ; an electric 
current is passed through the material and a magnetic 
field is applied at right angles to the direcdon of the 
current flow, A transverse voltage develops, the sign 
of which depend upon the material being tested. The 
voltage is directly proportional to the thickness of the 
material in the direction of the magnetic field. The 
proportionality constant is called the Hal Ps Coefficient 
R, and this is determined by the equation : 
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where I is in amperes, H in gauss, t in cm,, V in volts 
and R in cm 3 /coioumbs. Hairs coefficient for the stone 
has been found to vary between the values of 0.039 ev. 
to 0.053 <W. The value for well known semi-conductors 
like germanium-indium = 0.058 ev., and of silicon- 
arsenic = 0.049 ev. 

The stone being essentially sulphide of lead in a- 
crystalline form, it was reasonable to assume that it 
would mainly correspond to pure lead sulphide 50 far 
as its semi-conducting properties are concerned. But 
the semi-conducting properties of the stone were 
found to be over a million times greater than those of 
pure lead sulphide. Hence it was not the lead sulphide 
(main constituent) that really mattered in the semi- 
conduction. The impurities present in the stone must 
be the deciding factor in this connection. Amongst 
the impurities, two are present in comparatively large 
proportions, namely zinc and silver. Both of them, 
however, can be practicalW completely removed from 
the powdered stone by treatment with cold ( 10'C) 
concentrated nitric acid. Tnc residue left after this 
treatment contains the entire amount of the lead sulphide 
originally present in the stone. This can be melted in 
an oxyacetylene flame and the molten material allowed to 
crystallise by slow cooling. The crystalline stuff thus 
obtained was found to have the same semi-conducting 
properties as the original stone. Thus the impurities 
like zinc and silver are not responsible for producing the 
the extraordinary semiconducting properties of the lead 
sulphide in the stone. What could be the cause then? 
The only other major impurity present in the stone 
is the nitric acid-insoluble matter (i.S%) about which 
mention has already been mr.de before. That it has 
practically the same semi-co iducting property as the 
original stone has is really very remarkable. It is 
being further investigated. 

Amongst other impurities present in the stone in 
minute quantities are : copper, aluminium, iron, and 
antimony. The first three are already known to have 
no influence on the semi-conductance of such well- 
known materials as germanium and silicon. But 
the case of antimony is different. The trivalent metals 
like irsenic and antimony, and to a smaller extent, 
bismuth, have profound influence on the semi- 
conduction 01 both germanium and silicon, when 



added in minute proportions. Could it be antimony 
then which is largely influencing the semi-conducting 
properties of the stone? Unfortunately, this question 
can not be answered at the present stage of progress 
of this investigation. 

The semi-conducting properties of the stone in large 

1 lumps are of the order ; forward resistivity = 25-45 ohms/ 

cm. reverse resistivity = 5-75 kiloohms/cm. When 

reduced to thickness of 2 mm. by fine and careful 

grinding, the values are : ^.-340-500 ohms/cm. rr. 

15-65 kiloohms/cm. When reduced to the thickness of 

an average crystal (0.18 mm.) by a special process, the 

values become; fr, = 50-120 ohms/mm., rr.-ios-soo 

kiloohms/mm. The conductance of the stone increases 

with rise of temperature and it also responds to Hall's 

Effect- From all these it was concluded that the stone 

is an extraordinary semi-conducting material and 

should be an excellent substance for the preparation of 

good quality transistors and efficient radio receivers. 

The stone not being a metal like germanium from 
which most of the modern junction transistors ar* made, 
it became obvious from theoretical considerations that 
only 'point-contact 1 transistors could be rj*de from it. 
Besides, the stone being poly crystalline, it was natural 
to expect the formation of both P-N-P and N-P-N 
transistors from it because the junctions between adjacent 
crystals would be oppositely charged ax?' 4 the tri-con- 
tact-points of the transistor would come in contact with 
the different junctions in all possible permutations and 
combinations. In actual practice both these cxpections 
have been realised and all the possible varieties of tran- 
sistors obtained. 

These RS transistors prepared by the present author 
have been made into radio receivers to receive 
broadcasts in the medium, and short wave 
bands (wavelengths 200-500 m, 50-180 m and 13— 50m, 
respectively). The best results have been found to be 
obtained when the receivers are constructed on the 
Regenerative and Super-Regenerative principles. Re- 
ceivers constructed on the Super-Heterodyne principle, 
although working fairly satisfactorily* give a certain 
amount of background noise (hum) due to non-match- 
ing of the intermediate frequency transformers, which 
unfortunately arc not commercially available for this 
entirely new type of RS transistors. (To be Contd.) 
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